FOLFOXIRI plus bevacizumab is an effective for Asian metastatic colorectal cancer patients and the safety profile is manageable by adopting appropriate measures, even if severe neutropenia and febrile neutropenia develop at a higher frequency in ethnic Asian patients with UGT1A1*6 and *28 polymorphism. Background: FOLFOXIRI (Fluorouracil, folinate, oxaliplatin, and irinotecan) plus bevacizumab improved progressionfree survival (PFS) and overall survival in patients with metastatic colorectal cancer (mCRC), compared with FOLFIRI (fluorouracil, folinate, and irinotecan) plus bevacizumab, but significantly increased the incidences of adverse events. The efficacy and safety profiles of FOLFOXIRI plus bevacizumab in ethnic Asian patients have not been established yet. Patients and Methods: This study was an open-label, single-arm, multi-centered phase II prospective clinical trial in patients with mCRC who received FOLFOXIRI plus bevacizumab. The primary endpoint was the PFS rate at 10 months. Secondary endpoints included overall survival, response rate, and safety. Results: A total of 69 patients received FOLFOXIRI plus bevacizumab as induction therapy and were assessed for efficacy and safety. The PFS rate at 10 months was 75.2% and the median PFS was 13.3 months. Complete response and partial response were achieved in 2 (2.9%) and 47 patients (69.1%), respectively. Grade 3 and 4 adverse events with incidence rates exceeding 20% were neutropenia (72.5%), hypertension (34.8%), leucopenia (33.3%), and febrile neutropenia (21.7%). Significantly more patients with grade 4 neutropenia had single-heterozygous UGT1A1*1/*6 or *1/*28 (46.2%) than UGT1A1 wild-type genotype (*1/*1) (13.3%) (P ¼ .004). Conclusions: FOLFOXIRI plus bevacizumab is considered an effective first-line regimen that improves the outcome of patients with mCRC regardless of ethnicity. In Asian patients, utmost attention
Introduction
Colorectal cancer is one of the most commonly diagnosed cancers worldwide and a leading cause of cancer-related deaths. Combination chemotherapy of fluorouracil, folinate, and either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) has been widely used in patients with colorectal cancer, combined with a biological targeted agent. The combination regimen of fluorouracil, folinate, oxaliplatin, and irinotecan (FOLFOXIRI) was shown to improve the response rate (RR), progression-free survival (PFS), and overall survival (OS), compared with FOLFIRI. 1 In a phase Ⅲ randomized trial of FOLFOXIRI þ bevacizumab as first-line treatment for metastatic colorectal cancer (TRIBE) study, FOLFOXIRI plus bevacizumab provided superior improvement in RR, PFS, and OS in patients with metastatic colorectal cancer compared with FOL-FIRI plus bevacizumab. 2 Thus, FOLFOXIRI with/without bevacizumab is regarded as a first-line therapy in patients with metastatic colorectal cancer, as recommended in international guidelines for the treatment of colorectal cancer. [3] [4] [5] However, these previous studies showed a significantly increased incidence of adverse events, 1,2 and the efficacy and safety of FOLFOXIRI plus bevacizumab in Asian patients have not been established in clinical studies yet. Grade 3 or severer neutropenia developed in 45% of patients receiving FOLFIRI plus bevacizumab in a Japanese phase III study (WJOG4407G), 6 but only in approximately 20% of patients (mainly Caucasians) receiving FOLFIRI plus bevacizumab in the TRIBE study, indicating that Asian patients have a twice or more times higher incidence of severe neutropenia than Caucasian patients for the FOLFIRI regimen. Accordingly, it is necessary to introduce FOLFOXIRI plus bevacizumab very cautiously to Asian patients in the medical practice. The purpose of this study was to evaluate the efficacy and safety of FOLFOXIRI plus bevacizumab in Japanese patients with metastatic colorectal cancer, and to confirm whether or not this therapy would be effective, feasible, and manageable.
Methods

Study Design
This study was an open-label, single-arm, multi-centered phase II prospective clinical trial. The protocol was approved by the Institutional Review Board of each participating center. Written informed consent was obtained from all participants. This study was registered with ClinicalTrials.gov (no. NCT02246049).
The primary endpoint was PFS, which was assessed by the investigators. Secondary endpoints for efficacy included PFS by central assessment, OS, and RR. Secondary endpoints for safety were incidence of adverse events, and relative dose intensity. The exploratory endpoint was curative resection, referred to as R0 resection.
Patient Selection
Inclusion and exclusion criteria were almost the same as those of the TRIBE study. 2 The main eligibility criteria were as follows:
histologically confirmed metastatic colorectal adenocarcinoma; age between 20 and 75 years; Eastern Cooperative Oncology Group (ECOG) performance status (PS) score of 0 or 1 (patients over 70 years were eligible only if ECOG-PS was 0); no previous 
Treatment and Evaluation
The treatment of each patient was divided into 2 parts, induction and maintenance therapy. Supportive therapy was added on the basis of the regimen according to the guidelines for proper use of antiemetics proposed by the Japan Society Clinical Oncology. 
Eiji Oki et al
Clinical Colorectal Cancer June 2018 -149 
Statistical Analysis
The sample size was calculated assuming that interventional treatment can be regarded as sufficiently effective if the estimated 10-month PFS rate exceeds 70%, but that it cannot be considered useful if the estimated 10-month PFS rate is below 50%. This assumption is based on the data reported in previous studies. 1, 2, 8 Consequently, with a 1-sided significance level of 2.5% and a power of 80%, it was calculated necessary to enroll a sample size of at least 47 patients in this study. Taking dropouts and withdrawals into consideration, we planned to enroll 65 or more patients.
The Kaplan-Meier method was used to estimate PFS and OS. The 95% confidence interval (CI) was calculated using the Greenwood formula. Statistical significance was set at P < .05.
Results
Patient Population
The participants consisted of 72 patients with metastatic colorectal cancer at 14 study sites between May 2014 and August 2015, of whom 3 were excluded for not meeting the inclusion criteria. Efficacy and safety were analyzed in the remaining 69 patients. The clinical characteristics of the patients enrolled in this study are listed in Table 1 . As for the UGT1A1 genotypes, 30 (43.5%) patients had a wild-type allele, and 24 (34.8%) and 15 (21.7%) patients had a single-heterozygous allele of *1/*6 or *1/*28, respectively.
Treatment Exposure
All 69 enrolled patients received induction therapy. A total of 25 patients did not convert to maintenance therapy (Figure 1 ).
Reasons for discontinuation, including surgery for metastasis (n ¼ 12), are listed in Figure 1 . In induction therapy, the median number of cycles per patient was 12 (range, 1-32), and 44 (63.8%) patients completed all cycles of induction therapy. Appropriate dose reduction of the induction therapy was necessary in 52 (75.4%) patients during all treatment courses with an induction part owing to severe adverse events in 30 patients (43.5%) in the first and second cycles and 29 (42.0%) patients in the third and later cycles. The median relative dose intensities of bevacizumab, fluorouracil, irinotecan, and oxaliplatin were 82.4%, 77.8%, 80.0%, and 80.0%, respectively. Of the 69 patients, 43 received maintenance therapy, and the median number of cycles per patient was 10, ranging from 1 to 36. A total of 33 patients discontinued maintenance therapy. The reasons for discontinuation of maintenance therapy are listed in Figure 1 . Second-line chemotherapy was given to 26 (37.7%) of the 69 patients who progressed during induction or maintenance therapy. The protocol therapy was continued in 11 patients at the time of the data cutoff ( Figure 1 ).
Efficacy
All enrolled patients were evaluated for efficacy. At the time of the data cutoff on March 28, 2017, the median follow-up period was 19.6 months, ranging from 2.0 to 30.2 months. The median PFS assessed by the investigators was 13.3 months (95% CI, 11.5-17.3 months), and the PFS rate at 10 months was estimated as 75.2% (95% CI, 63.8%-86.6%) (Figure 2A ). The median OS was not reached. However, the survival rate at 1 year was 92.7% (95% CI, 86.6%-98.9%), and the survival rate at 2 years was 76.5% (95% CI, 65.5%-87.6%) ( Figure 2B ). The median PFS assessed by central assessment was 14.1 months (95% CI, 10.5-24.5 months) ( Figure 2C ), and the PFS rate at 10 months was estimated as 69.5% (95% CI, 57.3%-81.7%). Thirty-six patients switched to secondline therapies. Irinotecan-based therapy was most commonly used for the patients. Bevacizumab was continuously administered in 63.9% of the patients. Anti-EGFR antibody was administered in 13.8% of the patients (Table 2) .
RR was evaluated by central assessment. Complete response was achieved in 2 (2.9%) patients and partial response in 47 (69.1%) patients, which resulted in an overall response rate (ORR) of 72.1% (95% CI, 59.9%-82.3%); and there were 18 (26.5%) patients with stable disease. As a result, the disease control rate (DCR) was estimated as 98.5% (95% CI, 91.2%-100.0%) (Figure 2) . A waterfall plot is shown in Figure 3 .
Twenty-one (30.4%) patients underwent surgical resection, and curative resection (R0 resection) was achieved in 17 (24.6%) patients. Among 22 patients with liver-limited disease, R0 resection was achieved in 13 (59.1%) patients.
The results of subgroup analysis of efficacy are shown in more detail in Table 3 . There were 15 (21.7%) patients with right-sided colon cancer, and 54 (78.3%) with left-sided or rectal cancer. The PFS rate at 10 months was 36.8% and 82.9%, respectively. Patients were stratified by RAS mutation status into 2 groups: wild type and mutant. ORR, OS, and time to treatment failure stratified for RAS mutation is summarized in Table 4 . 
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Safety
All observed adverse events are summarized in Table 5 . The most common adverse events of grade 3 or 4 were neutropenia (50 patients; 72.5%). Neutropenia of grade 3 or 4 occurred in 43 (62.3%) patients in the first or second cycles and 9 (13.6%) patients in the third cycle or thereafter. In 22 patients who had presented with neutropenia or febrile neutropenia, granulocyte-colony stimulating factor (G-CSF) was administered for treatment. No patients were hospitalized because of neutropenia. Seven patients (6 at the first cycle and 1 at the sixth cycle) were hospitalized because of febrile neutropenia.
We also examined whether the incidence of severe adverse events before the third cycle of induction therapy was affected by UGT1A1*6 or *28 polymorphism. Significantly more patients with grade 4 neutropenia were single-heterozygous UGT1A1 *1/*6 or *1/ *28 (18/39 patients; 46.2%) than UGT1A1 wild-type (*1/*1) carriers (4/30 patients; 13.3%) (P ¼ .004) ( Table 6) . Concerning febrile neutropenia, single-heterozygous patients tended to have a higher incidence rate (10/39 patients; 25.6%) than wild-type patients (3/30 patients; 10.0%) (P ¼ .128).
Discussion
A first-line therapy producing high response rates is required for metastatic colorectal cancer. If high tumor shrinkage can be achieved with chemotherapy, more patients can undergo conversion surgery, which leads to potential prolongation of PFS and OS. Because it was reported in the TRIBE study that FOLFOXIRI plus bevacizumab provided a very high response rate of favorable PFS and OS, we planned this study to confirm the applicability of this regimen in Asian patients, and consequently revealed that FOL-FOXIRI plus bevacizumab is highly effective in Asian patients too. We hypothesized that FOLFOXIRI plus bevacizumab can be regarded a sufficiently effective regimen if the 10-month PFS rate exceeds 70%, but that it is considered ineffective if the 10-month PFS rate is below 50%. This hypothesis was based on the results of previous studies, including the TRIBE study. 
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et al (ORR of 77% and DCR of 100%). 8 The waterfall plot also demonstrates that FOLFOXIRI plus bevacizumab provides highly effective tumor shrinkage ( Figure 3 ). Because there were no fundamental differences in the background characteristics of the patients enrolled in this study compared with those in previous studies, 2, 8 this regimen is considered effective regardless of ethnicity.
In this study, the rate of 10-month PFS was 36.8% in patients with right-sided colon cancer, and 82.9% in patients with left-sided colon or rectal cancer, indicating a significant difference between these 2 groups. Although the BRAF status could not be identified in the patients enrolled in this study, the poor outcome in patients with right-sided colon cancer may not reflect inefficacy of this regimen, but rather a high representation of patients with other poor prognostic factors compared with patients with left-sided colon or rectal cancer. With respect to the safety of FOLFOXIRI plus bevacizumab treatment, this study clarified distinctive characteristics in Asian patients. Severe neutropenia, hypertension, leukopenia, and febrile neutropenia were most commonly observed in this study. Grade 3 or severer hematotoxicity occurred in 73% of the patients enrolled in this study, whereas several clinical studies conducted in Western countries showed an incidence rate of Grade 3 or severer hematotoxicity of approximately 20% to 50%. 2, 8 It was clear that Asian patients were more prone to develop hematotoxicity than Caucasian patients. Furthermore, 22% of the patients enrolled in this study presented with febrile neutropenia, indicating that it is an extremely high-frequency event though prophylactic use of G-CSF was not allowed in this study. The difference in the incidence rates of hematologic adverse events is presumed the result of racial differences. UGT1A1*6 variants are found with relatively high frequency in Asians, though they are rarely detected in Caucasians. 9 In contrast, UGT1A1*28 variants are found both in Asians and Caucasians, but the allele frequency of the UGT1A1*28 detected in Caucasians is reported to be higher than that in Asians. 10 Heterozygous genotypes of UGT1A1 were found in 39 (56.5%) patients enrolled in this study. 
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Patients known to be homozygous or double-heterozygous for UGT1A1*6/*28 were excluded from this study, because it had been shown that they are prone to have adverse drug reactions such as severe neutropenia after irinotecan-containing treatment including FOL-FOXIRI. [11] [12] [13] Nevertheless, the incidence of grade 4 neutropenia was significantly higher in UGT1A1*1/*6 or *1/*28 single-heterozygous patients (Table 6 ). In addition, single-heterozygous patients tended to show a higher incidence rate of febrile neutropenia than UGT1A1 wild-type patients, although there was not a statistical difference, probably owing to the small patient population. It does not necessarily mean that UGT1A1*1/*6 heterozygous patients, who are frequently observed among Asians, are prone to experience hematologic adverse events. Another possibility could be that an apparent difference in the incidence rate was observed owing to the high frequency of heterozygotes among Asians. According to the guidelines for proper use of G-CSF such as the European Society for Medical Oncology guidelines (2016), 14 administration of G-CSF is recommended as primary prophylaxis when patients receive a regimen with a 20% and higher risk of 
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developing febrile neutropenia. Because the incidence rate of febrile neutropenia was above 20% in this study, G-CSF should be administered as primary prevention in patients with possible neutropenia and febrile neutropenia, especially UGT1A1 single-heterozygous patients. One limitation of this study is the difficulty to compare ORR or OS with those obtained in standard therapies, because the present study is not a phase III study. Another limitation is that optimal dose reduction of FOLFOXIRI cannot be estimated in UGT1A1*6/ *28 homozygous or double-heterozygous patients, because this study did not include them. We cannot estimate the differences in the activity of the proteins of UGT1A1*1/*6 or *1/*28 singleheterozygous patients because of the small number of cases. Notwithstanding, it is important to elucidate the safety profiles of FOLFOXIRI plus bevacizumab specific to Asian patients.
In conclusion, FOLFOXIRI plus bevacizumab is a very effective first-line regimen, regardless of ethnicity, to improve the outcome of patients with metastatic colorectal cancer. Treatment with FOL-FOXIRI plus bevacizumab is manageable by adopting appropriate measures, even if severe neutropenia or febrile neutropenia develops with higher frequency during the first few cycles of this treatment, particularly in Asian patients.
Clinical Practice Points
FOLFOXIRI plus bevacizumab is effective for patients with metastatic colorectal cancer regardless of ethnicity. Ethnic differences in adverse events related to FOLFOXIRI plus bevacizumab. Higher rates of grade 4 neutropenia in Asian UGT1A1 singleheterozygous patients.
